Fourteen crossbred lambs with an average weight of 29.4 kg were utilized to determine the influence of the nature and amount of dietary lipid intake on the qualitative and quantitative composition of the plasma lipid, carcass depot fats and plasma insulin levels. Formaldehyde treated casein-cottonseed oil (PCO) was supplemented at the rate of 8% (three lambs) and 12% (three lambs). Two groups of four lamb each were assigned to diets containing no added fat (control) and 8% unprotected cottonseed oil (8% CO).
Fourteen crossbred lambs with an average weight of 29.4 kg were utilized to determine the influence of the nature and amount of dietary lipid intake on the qualitative and quantitative composition of the plasma lipid, carcass depot fats and plasma insulin levels. Formaldehyde treated casein-cottonseed oil (PCO) was supplemented at the rate of 8% (three lambs) and 12% (three lambs). Two groups of four lamb each were assigned to diets containing no added fat (control) and 8% unprotected cottonseed oil (8% CO).
Dietary lipid supplementation was effective in elevating (P<.05) the lipid levels of the blood. No difference (P>.05) in plasma insulin levels were detected between the four diets. Oil supplementation increased (P<.05) the concentration of linoleic acid in the four plasma lipid fractions: cholesterol esters, phospholipids, free fatty acids and triglycerides. Although not always statistically significant, the content of total unsaturates tended to increase (P<.05) in all plasma fractions.
Subcutaneous fat biopsies obtained from the tailhead region at 0, 14, 42 and 84 days on feed revealed that the type of dietary fat fed was effective in altering the type of fatty acids deposited subcutaneously. Feeding cottonseed oil protected from rumen fermentation elevated the linoleic acid levels of subcutaneous fat, but the total unsaturated fatty acid levels were not different between diets. (Key Words: Lambs, Protected Fat, Plasma, Insulin, Fatty Acids.)
INTRODUCTION
Ruminants receiving normal dietary fat supplements of 4 to 15% of either a highly saturated or unsaturated form exhibit only small changes in the composition of body fat stores (Edwards et al., 1961 ; Erwin et al., 1963; Dryden and MarcheUo, 1973) . According to Garton (1965) , dietary lipids are subjected to extensive lipolysis and hydrogenation in the rumen. A recent development (Scott et aL, 1970) has made possible the production of oil supplements in which the constituent polyunsaturated fatty acids are protected from rumen hydrogenation. The effect of feeding this type of supplement to steers has been evaluated in terms of performance Cuitun et al., 1975) , energy utilization (Garrett et al., 1976) and serum lipid profiles ; however, the qualitative and quantitative relationships of the serum lipid and carcass depot fat of the ovine animal under this type of supplementation have not been determined.
The current study was conducted to determine if a dietary fat product, treated to be nonreactive in the rumen, could cause a shift in the quality or quantity of the serum lipid, circulating insulin levels and carcass depot fat of the ovine.
MATERIALS AND METHODS
The diets contained no added fat, 8% added cottonseed oil (CO) and 8% or 12% added protected cottonseed oil (PCO) with four lambs per treatment for the first two diets. Six lambs were fed the 8% PCO diet for the first 30 days of the trial, at which time this group was divided into two groups where three Iambs were placed on the 12% PCO diet for the remainder of the trial. The feeding periods and allotment of animals to the diets are further discussed by Shell et al. (1978) . These authors have also 1338 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 5, 1978 discussed the preparation and composition of the formaldehyde treated casein-cottonseed oil supplement as well as the fatty acid composition of the diets and performance of the animals.
Following the surgical procedures outlined by , individual subcutaneous fat biopsies were obtained at the start of the experiment and after 14, 42, 63 and 84 days on feed.
Mesentery fat, kidney fat and cardiac muscle samples were taken during slaughter when the animals weighed 50 kilograms. After aging carcasses for 7 days, samples were taken of Triceps bracbii (TB) muscle, Longissimus muscle (LD) between the 9th and 12th ribs, Semimembranosus (SM), seam fat adjacent to the TB (shoulder seam) and SM (leg seam) and stored at -18 C. Lipids were extracted from homogenized TB, LD, SM and cardiac muscle samples with chloroform-methanol by the method of Ostrander and Dugan (1961) as described by Leander (1975) . Aliquots of the extracts were used for lipid weight determinations and for fatty acid analysis. Samples of kidney, mesentery, seam and subcutaneous (biopsy) fat were minced, extracted with chloroform-methanol (2:1, v/v) and stored in chloroform at -18 C.
For the determinations of total plasma lipid, insulin and plasma lipid fraction fatty acids, blood samples were obtained from the jugular vein initially and at 14, 42 and 8,1. days on feed in 50 ml test tubes containing 1.2 mg EDTANa2 per ml of blood to prevent clotting.
The plasma was separated by centrifugation at 4 C and frozen at -18 C. Insulin determinations were made with slight modification of the radioimmunoassay procedures of Wright et al. (1971) . The labeled antigen, 12si porcine insulin, was purchased from Cambridge Nuclear Radiopharmaceutical Corporation, BiUerica, Massachusetts and the bovine insulin antibody produced in the guinea pig was purchased from Miles Laboratories, Inc., Elkhart, IN. Additional discussion of the techniques for separation of plasma lipid fractions, esterification and gas liquid chromatography of the plasma and carcass depot fat fatty acids has been presented by Dryden et al. (1971) and by Marchello et al. (1971) .
All data were analyzed by the analysis of variance according to Nie et al. (1975) . Student-Newman-Keul's multiple range test and main treatment interactions were performed to compare treatment means. Carcass depot fat fatty acids, muscle lipid and muscle fatty acids were analyzed by nesting diets within locations.
RESULTS AND DISCUSSION
Plasma lipid levels at the start of the experiment were higher (P<.05) for the lambs assigned to the 8% CO diet as compared to the other groups of lambs, but after two weeks of feeding, no differences (P>.05) were detected among treatments (table 1) . The homogeneity between groups in the level of plasma lipid continued through the sixth week of the experiment; but by the end of the experiment, plasma lipid levels for the control lambs were lower (P<.05) than the level noted for the other three treatments. No differences (P:>.05) were detected in plasma lipid levels among groups of lambs receiving unprotected or protected cottonseed oil. Increases in plasma lipid levels of steers fed protected unsaturated fats have be~n observed . Thus, from the data obtained in the present study, possible differences between species were apparent in response to dietary protected lipid. The reported increase by Dryden et al. (1975) in the serum lipid levels of steers supplemented with protected safflower oil over the control group was as much as 2.1 times. Furthermore, Bitman et al. (1973) have noted a threefold increase in blood triglyceride and nonesterified fatty acids in cows fed protected safflower oil during a 50 day trial. These increases were greater than those observed in the lambs of the present study.
Considerable animal variation was noted in the circulating plasma insulin level values and no differences in insulin levels were detected between the four dietary groups at any of the sampling periods (table 1) , nevertheless, it was apparent that the level of this hormone throughout the experiment tended to be lowest for the PCO fed lambs followed by the 8% CO lambs. The circulating levels of insulin and serum lipid demonstrated opposite trends as the trial progressed regardless of dietary treatment (table 1). The regulation of insulin secretion by dietary means in ruminants is not yet well understood. Attention has been focused on the possible involvement of volatile fatty acids in insulin regulation (Horino et al., 1968; . Whether or not circulating serum lipid levels containing different amounts of long chain fatty acids (oil acottonseed oil (CO); protected cottonseed oil (PCO). Percentages refer to oil content of the diet.
bLambs fed 8% PCO were divided at 30 days into two groups: three lambs remained on the 8% PCO diet, three lambs were placed on the 12% PCO diet for remainder of trial.
c'dvalues within the same line having unlike superscripts differ significantly (P<.05).
supplemented lambs) have a direct effect on insulin secretion cannot be determined from the present study.
The data presented in table 2 compare the fatty acid profiles of the four major serum lipid fractions by diets within sampling periods. In general, the treatment effect on the circulating levels of the serum fatty acids followed similar patterns regardless of the serum lipid fraction considered. The content of total unsaturated acids tended to increase due to oil treatment (CO and PCO lambs) in all fractions, while palmitic acid (C16:0) remained unaltered. Increases due to oil supplementation were also encountered in the concentration of linoleic acid (C18:2) with the protected supplement resulting in the highest increases. Increasing the level of protected oil from 8% to 12% further increased the concentration of linoleic acid in the plasma lipids. Oleic acid increased in all plasma lipid fractions for the 8% CO lambs, while in the protected oil supplemented lambs, it decreased in the cholesterol ester and phospholipid farctions. Stearic acid did not follow a specific pattern change in the four plasma lipid fractions. The content of this acid was unaltered, in some cases, by the dietary treatment (cholesterol esters, free fatty acids and triglyeerides). In other cases, it tended to decrease by dietary unprotected cottonseed oil (phospholipids), and only in one fraction (free fatty acids) was its content increased (12% PCO lambs).
In general, the content of palmitic acid remained unaltered throughout the experiment in all plasma lipid fractions, even though the levels of this acid in the experimental diets were different (Shell et al., 1978) .
The increase in oleic acid observed in the 8% CO supplemented lambs occurred in all fractions, except the cholesterol esters on the last 2 sampling days (table 2) . Possibly, this was due to higher levels of oleic acids reaching the small intestine as a result of hydrogenation of the unprotected linoleic acid by the rumen microflora. According to Polan et al. (1964) , the hydrogenation of linoleic acid (C18:2) to stearic acid (C18:0) by rumen microorganisms involves two separate systems: one converts C18:2 to C18:1, and the other converts C18:1 to C18:0. These researchers obtained evidence to suggest that high concentrations of C18:2 completely inhibit the conversion of C18:1 to C18:0 by the second system. Since the dietary content of C18:2 in the 8% CO diet was high, this also can account for the unaltered stearic acid in the serum cholesterol esters and free fatty acids of the 8% CO lambs.
Protected oil treatment decreased (P~.05) the C18:1 content of the phospholipids and cholesterol esters. According to Leat and Hall (1968) , these two lipid fractions appear to have transport specificity for polyunsaturated fatty acids. It appears that when the availability of linoleic acid was increased (PCO groups), some displacement of oleic acid occurred in the phospholipids and cholesterol esters with esterification of linoleic acid being favored (Leat and Harrison, 1974) . The tissue responsible for selective esterification appears to be the intestinal cell.
The observed increase in linoleic acid by oil supplementation (all plasma fractions) took place even in those lambs receiving unprotected oil (8% CO) which means that a portion of linoleic acid escaped hydrogenation in the rumen. Nevertheless, the increase in linoleic acid occurring in all oil supplemented lambs was always greatest for the protected oil groups. Most of the plasma iinoleic acid changes were accompanied by changes in the other serum fatty acids. The concentration of total unsaturated was positively correlated (P<.01) with the level of linoleic acid in all serum fractions with correlation coefficients ranging from .64 to .83. Linoleic acid was negatively correlated (P<.01) with stearic and oleic acids in all fractions. Furthermore, total concentrations of unsaturates and stearic acid were negatively correlated.
The fatty acid profile of the tailhead subcutaneous fat taken by biopsy throughout the trial is presented in table 3 by diets within sample periods. The only change (P<.05) observed at sample period 2 was an increase in the percent of C18:2 acid for all lambs supplemented with cottonseed oil. This effect was more pronounced for the 8% PCO and 12% PCO lambs which demonstrated a two-and threefold increase, respectively, as compared to the Control group. After 42 days of feeding, the percentage of C18:2 was still higher (P<.05) for lambs fed both the 8% PCO (10.3%) and 12% PCO treatment (12.7%) as compared to the level of the same fatty acid found in the control lambs (2.4%). These results suggest that dietary unsaturated fatty acids given as formaldehyde-treated caseincottonseed oil supplement are protected from hydrogenation by the rumen microflora and are rapidly incorporated into subcutaneous lipid tissue. This response is similar to that observed when encapsulated vegetable oils are fed to lambs (Garrett et al., 1975; Scott et al., 1971) or are administered directly into the abomasum of sheep (Moore et al., 1969) .
The increase observed in the percent of C18:2 in the biopsy samples of the PCO lambs at period 3 remained throughout the experiment without a marked change in its magnitude after that period. After 84 days the lambs fed the 8% CO diet did not differ (P>.05) in the percent of C18:2 from the control lambs. Despite the increase of linoleic acid (PCO lambs), there was no change (P>.05) in the total unsaturated fatty acid levels. The proportion of C18:2 in the plasma of the PCO lambs after two weeks of feeding was approximately four times as high in the triglycerides and free fatty acids (table 2) as in the tailhead fat depot (table 3) . At the termination of the experiment, the difference in the proportion of C18:2 between plasma (TG and FFA) and subcutaneous depot fat was twofold. These observations are consistent with other reports (Robinson, 1970; Olivecrona and Belfrage, 1965; Bragdon and Gordon, 1958) regarding the role of plasma triglycerides in the biosynthesis of tissue triglycerides.
The fatty acid composition for the four carcass fat samples are reported in table 4 by diets. Treatment effect on the deposition of linoleic acid was similar for all carcass fat samples. The level of C18:2 increased for all oil supplemented lambs, but the increase (P~05) was only significant for the protected oil supplemented lambs (fivefold increase for the 12% PCO lambs). The increase in oleic acid in the 8% CO supplemented lambs was an expected occurrence, since the availability of that acid probably increased due to hydrogenation of C18:2 in the rumen. The efficiency of this hydrogenation was indicated by no increase in the deposition of C18:2 (CO lambs). Similar observations for oleic acid have been reported in cattle Dinius et al., 1974a,b; Dinius et al., 1975) .
The level of incorporation of C18:2 observed in the kidney and mesentery fats tended to be higher than in the seam or subcutaneous fat (table 4) . Faichney et al. (1972) reported similar results in steers, and Faichney et al. (1973) in lambs. Ingle et al. (1972a,b) indicated that internal adipose tissue of lambs exhibit the highest rate of C18:2 incorporation. This situation may be a reflection of higher enzymatic lipogenic activity in those fat depots. Despite the changes observed in the individual unsaturated fatty acids, only in kidney fat was the content of total unsaturates increased (P<.05).
Intramuscular lipids and the fatty acid composition values by diets within muscles (cardiac muscle, Semimerabranosus, Triceps bracbii and Longissimus) are listed in table 5. Dietary oil treatment had no effect (P>.05) on the percent intramuscular lipid (table 5) despite the higher levels of plasma lipid observed for the lambs supplemented with oil (table 1) .
Indications of qualitative lipogenic differences between intramuscular adipose tissue and other adipose sites (subcutaneous, perirenal, seam) were observed in the deposition of total unsaturated fatty acids (tables 3, 4 and 5). bcottonseed oil (CO); protected cottonseed oil (PCO). Percentages refer to the oil content of the diet. c'd'e'fvalues within the same line and muscle having unlike superscripts differ significantly (P<~.05).
Although no comparisons were made between intramuscular fatty acids and other adipose sites, it appears that total unsaturates in skeletal muscles (LD, SM, TB) were decreased by oil treatment. Linoleic acid deposition in the muscles studied increased, as it did in the other adipose sites, but such an increase was not high enough to override the decreases in other unsaturated fatty acids, resulting in a decreased total unsaturates in skeletal muscles. This may be the result of previous metabolic activity (saturation, oxidation, incorporation) upon absorbed unsaturated fatty acids by liver or other adipose sites. Some differences (P~.05) were encountered between skeletal muscles in the deposition of certain fatty acids (C 18: 0, C 18:1 and C18:2) with any given experimental diet (table 5) . This observation is in agreement with the findings of Hood and Allen (1975) who reported that within four anatomical sites of intramuscular adipose tissue, activities of lipogenie enzymes varied from muscle to muscle.
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